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i 
My invention relates iñ general te eleetrical 
controi systems and more particularly te elec- 
rical control systems adapted OEo cOntrol the 
speed of an electric motor or the vol, tage outpUt 
of . generatol'. 
An objecç of my invention lS the provision of 
an electrical control circai for substàntially 
]inearly varying the speed of an electric mot0r 
or for nearly varying the oration of a dynmo- 
electric machine. 
other object of my invention is te give sub- 
tantially linearly variable speéd control te a 
direct current motor  any predetermined speed 
ïrom a relatively low value te a elalVely high 
value compared te the rate d speed of the mor. 
Another object of my invention is the provision 
of an electrical control system  give subsn- 
tlally lineaçly variable speed contr01 at à pi'e- 
determinable variable rate t0 an elètrie motor 
te any predeterminable speed. 
Another object of my invention is the pro- 
vision of an electrical controï system fo sub- 
stantiaHy constant acceierátion or deceleation 
a direct current motor át a predetermably 
variable rate te any predeterminàble speed, the 
direct current eectricàl energy for the motor 
coming frein a direct curent generator, the flèlds 
of the direct Current mor añd genèràr béin 
separately excited and Contr01ied by the sid elèc- 
trical contre] system. 
Another object of my invention  an ëlectricl 
control circuit te linearly Vary the pe of a 
direct currn electric motor which deives 
power from a mor generar set, where the 
speed control is obtain by linëarly Varyg thè 
c.uput voltage of the direct current generator for 
be!.ow rated seds of thé eiectric motor, and an 
autematic change-over is accomplished in the 
contiel circuit te c0ntrol the excitatien of bhe 
motor fleld for speeds aove the rated speed of 
the said electric motor. 
Other objects and a fler understadg 0f my 
invention may be had by referring t0 thë follo 
ing description and clàims, taken in c0junC- 
tion with the accompànying drawiag, in which: 
Pigure 1 diagrammaticaily repreSen an elec- 
trical control system embodying mY invention; 
Figure 2 diagrammatially reprèSeñts a simp- 
fied emdiment of my invention; and 
Pgure 3 diagrammatically presents another 
implified circuit uSing my iCentiÙn. 
With reference te gure 1 a motor [[ drives 
a load 2, the motor [ [ dëriving i power from 
a generator []. The generar [ is driven frein 
a prime m0ver [. The gêneratoï' [ bas à flèld 
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18, the fleld 18 deriving its PoWer frein a first 
excitation mean 16. The motor Il has a fleïd 
, the fleld I deriving its power from a second 
excitaion meanS 15. A main alterïàting current 
 source of Voltage 22 suppliés energy for both the 
flrst and secoñd excitai0n means 16 and ]8. 
The first excitatiòn means 18 for exciting the 
generato field 18 inclUdes a first aïd second 
gaseous discharge deVice with reference charac- 
10 terS 2 and  respectively, àzïâ the second ex- 
citation means 18 for the motor fléld I includes 
a third and foUrth gaSeoUS dicharge dèviee vith 
reference characters 25 and 2 espèctively. With 
two gaseous discharge deVices for each excitation 
15 meals, full wave rectiflcïtion is thereby obtained. 
The flrst gaseous dischkrgë deViCè 29 bas a 
cathode 1, a control gid 25 and ah anode 25. 
Thè secorid gasèoU discharge dèicë 2 lïhs á 
cathode , á Contr0i grid 1 and àñ anode 
2o The third gaseoUs dischal'ge deVicé 25 tins a 
cathode $, a control grld  and an ánode 
The foUrth gaseous dischàre device 2S bas 
cathode ${, a control crid  and an anode 
A main transformer 39 for suppiying éèctrical 
 energy to the flrst and seCOnd excitation meaiäs 
tïas a primary winding 0, a first Sec0ndy 
Wiïlding 1 and a second seeoñdary Windin$ 2,. 
The prlmary winding 0 of the maiñ transformer 
9 fS connected thr0ugh a witch  te the main 
30 A. C. source of voitàge 22. The first sée0nday 
windig 1 of the main tansfrmer $9 bas end 
terminals  and 8, a midtáp , and two sup- 
plementary taps 4] and , one on either side 
0f the midtap $. The second secondary wind 
35 ing 2 of the main transformer 9 bas end ter- 
minais 9 Cd $0, a midtap 8 I, and supplementary 
 taps 8 .and 8, one on either side of the midtap 
81. T0 completè the full wave rectifier circuit 
of tlie flrSt excitation means, the cathedes 2] and 
40  of the flrst and second ¢aseous discharge 
dévices are c0nécted t0gether to one end of the 
generat0r fleld 16 at the connectton 6. îe 
other end of the generator fleld 18 being 
nected to the midtap $ 0î the flrst secondáry 
4 windiig 1 of the maiñ transformer 89, and the 
anodes 9 and  Of the first and second gaseous 
discharge devices are cnnected fo the end ter 
minàls  ánd 8 of the flrst seconday winding 
1 of the main transformer 9. To compiete 
0 the fùll wave rectifier circuit of the second 
citation means, the cathodes $ and S of the 
third and fourth gaseous discharge devices 2§ 
and 25 are c0nnected together 0 one end of the 
mt0r fleld , at the connection 9, the other 
$ eiïd of thè motor fleld I being connected to thé 
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midtap 51 of the second secondary winding 42 
of the main transformer $9, and the anodes $5 
and 311 of the thh'd and fourth gaseous discharge 
devices 25 and 2G are connected to the end ter- 
minals 4 and 5. of the second secondary wind- 
ing 42 of the main transformer 39. In the fn'st 
excitation means I11, a first transformer 54 bas 
a primary winding 72 and a secondary winding 
"/3. The secondaïy winding 72 is connected to 
the supplementary taps 47 and 411 oî the first 
secondary winding  of the main transformer 
39. In the second excitation means I11, a second 
transformer 5 has a primary winding 74 and 
a secondary winding 15. The primary winding 
4 is connected to the supplementary taps 52 
and 53 of the second secondary winding 42 of 
the main transformer 39. A control means 19 
includes a first and second grid circuit means 211 
and 2 whereby the first grid circuit means 2 
impresses a first A. C. potential betwn the 
cathodes and control grids of the first and second 
gaseous devices, and the second grid circuit means 
2  impresses a second A. C. pontial between the 
cathodes and control grids of the third and fourth 
gaseous discharge devices. The first grid circuit 
means 2{1 comprises the secondary winding 73 
of the first transformer 5, first and second con- 
trol grid resistors 11 and 59, and a condenser 
5. The first and second control grid resistors 
 and 59 are connected in series between the 
controi grids 211 and 3 of the first and second 
gaseous discharge devic.es 2.3 and 24. The con- 
trol grid 28 cormects to the first control grid 
resistor 58 at the connection 2, the fn'st and 
second control grid resistors connect together at 
the connection 11, and the second control grid 
resistor 59 is connected to, the control grid $1 
ai the connection 114. The condenser 511 is con- 
nected between the connection 2 and one end 
of the secondary winding  of the first trans- 
former 4, and the other end of the secondary 
winding 73 is connected to the connection 4. 
The second grid circuit means 2 comprises the 
secondary winding 75 oî the second transformer 
, a third and £ourth control grid resistor 11 
and 61, and a condenser 51. The third and 
fourth control grid resistors 11 and l are con- 
nected in series between the control grids 34 
and 3 of the third and fourth gaseous discharge 
devices i5 and 2. The control grid 34 connects 
to the third control grid resistoï 611 at the con- 
nection SS, the third and fourth control grid 
resistors 11 and 11 connect together at connec- 
tion 11 and the fourth control grid resistor l 
connects to the control grid $1 at the cormection 
"/. The condenser 57 is connected between the 
connection 5 and one end of the secondary 
winding 75 of the second transformer 55, and the 
other end oî the secondary winding 15 is con- 
nected to the cormection 117. Upon energization 
of the first and second transformers 54 and 55, 
a first alternating current potential is developed 
in the first grid circui.t means -11 across the first 
control grid resistor 511 and across the second 
contïol grid ïesistor 9, and a second alternat- 
ing current potential is developed in the second 
grid circuit means 21 across the third control 
grid resistor l and across the fourth control grid 
resistor . The first alternating cm.rent po- 
tential is impressed between the cathodes and 
control grids of the first and second gaseous dis- 
charge devices 2 and 24, and the second A. C« 
potentia! is impressed between the cathodes and 
the control grids of the third and £ourth gaseous 
discharge devices 25 and 2. By so impressing 
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an A. C. potential between the said catahodes and 
said control grids, a basis is established for con- 
trolling the rectified ofltput of the gaseous dis- 
charge devices, thereby controlling the amount 
5 of excitation o£ the first and second excitation 
means, and thereby varying the speed of the 
motor I I. 
A potential source 1 is used to modify the 
contïol means 9. A voltage dividing circuit ]] 
]o is connected between the potential source ]5 and 
the contïol means 19. An impedance matching 
circuit ]11 is used to couple the potential source 
711 to the voltage dividing circuit 77. The po- 
tential source 7 is a circuit that generates an 
]  essentially linearly variable voltage acïoss a con- 
denser ]9. The voltage across the condenser 
7S is applied through the impedance matching 
circuit 711 to the voltage dividing circuit 7], which 
divides this voltage into a first and second out- 
0 put voltage for modifying the first and second 
A. C. ptentials impressed between the cathodes 
and control grids of the gaseous discharge devices 
of the first and second excitation means respec- 
tively. 
5 The potential source ]11 is substantially the 
saine as my "Linear Voltage Generator," Serial 
No. 685,947, now Patent No. 2,505,688, dated 
Apïil 25, 1950, filed on even date herewith. 
The potential source ]11 comprises a bridge 
3o rectifier 11, a thermionic pentode tube 112 across 
the output terminals of the bridge rectifier 
the condenser ] and a unidirectional high volt- 
age source 1111, the condenser 7 and the unidirec- 
tional high voltage source 1111 being disposed in 
35 series circuit relationship across the input ter- 
minais of the bridge rectifier 111. The bridge 
rectifier 11 has a fn'st input terminal 115 and a 
second input terminal 11, a fn'st output ter- 
minal 113 and a second output terminal 114. The 
0 bridge rectifier 111 has first, second, third, and 
fourth unidh-ectional current passing devices 
with reference numbers 117, 1111, 11 and 911 re- 
spectively. In the description, curïent will be 
assumed to fiow in the saine direction as the 
'5 electïons, and curïent and electron curïent will 
be synonymous. The first unidiïectional current 
passing device 11] is connected to pass electron 
current from the first output terminal $3 to the 
fiïst input terminal 115. The second inidirectional 
50 cuïrent passing device 811 is connected to pass 
electron current from the first output terminal 
$3 to the second input terminal 115. The third 
unidiïectional current passing device 11 is con- 
nected to pass electron current from the first 
55 input terminal 115 to the second output terminal 
$4; and the fourth unidirectional cuïïent passing 
device 911 is connected to pass electron current 
from the second input terminal 11 to the second 
output terminal 114. The theïmionic pentode 
60 tube $2 has a cathode 1, an anode 2, a control 
grid 3, a screen grid 9, and a suppressor grid 
SS. The anode 92 of the thermionic pentode tube 
112 is connected to the first output terminal 
and the cathode 1 is connected to the second 
65 output terminal 114 of the bridge rectifier 
A D. C. supply source 9 supplies D. C. potential 
to the screen grid S4 and the control grid 
oî the thermionic pentode tube 112. The D. C. 
supply source 9 bas a positive terminal 97 and 
70 a negative terminal . Cormected across these 
terminals of the D. C. supply source  is a 
screen grid potential resistor , a control grid 
potential limiting resistor I11 and a control grid 
potentiometer I111 in series. A connection 
' connects the positive end o the screen grid pe- 
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tential resistor 99 fo the positive terminal 97 of 
the D. C. supply source 95. A connection 193 
connects the negative end of the screen grid 
potential resistor 99 fo the positive end of the 
control grid potential limiting resistor 199. A 
connection 94 connects he positive end of the 
control grid potentiometer 9! fo the negative 
end of the control grid potential limiting resistor 
00. The negative end of the control grid po- 
tentiometer 10! is connected fo the negative ter- 
minal 98 of the I). C. supply source 95. The 
screen grid potential which appears ai the posi- 
tive terminal 97 of the D. C. supply source 95 
and ai the connection ! 92, is applied fo the screen 
94 of the thermionic pentode tube 92 through the 
current limiting resistor 95. The cathode 9! 
of the thermionic pentode tube 92 is connected 
through the conductor I08 fo the connection 93 
between the resistor 99 and 99, fo provide the 
reference voltage for the cathode 9. The con- 
trol grid 93 is connected through the conductor 
J97 fo the movable finger 99 on the potenti- 
ometer ! 9 J, fo provide a variable negative voltage 
on the control grid 93 with respect fo the cathode 
9! of the thermionic pentode tube 92,. The con- 
trol grid potential limiting resistor J09 prevents 
the negative potential of the control grid 93 with 
respect fo the cathode 9 from becoming too 
small a value. The suppressor grid 95 is con- 
nected through a conductor J99 fo the cathode 
91. The condenser 79 bas a first terminal A 
and a second terminal B. The second terminal 
B is connected fo the first input terminal 95 of 
the bridge rectifier 9J. The unidirectional high 
voltge source 99 bas a negative terminal ! J9 and 
a positive terminal J! . The first terminal A 
of the condenser 79 is connected fo the negative 
terminal J0 of the unidirectional high voltage 
source 80 through a conductor 2. A voltage 
dividing resistor ! 3 is connected across the ter- 
mlnals ! 0 and ! ! ! of the unidirectional high 
voltage source 9. The voltage dividing resistor 
! ! 3 has two end terminals ! !  and ! ! 5, and three 
intermediate terminals !  8, ! ! 7 and ! ! 8. The 
end terminal ! 4 of the voltage dividing resiætor 
13 is connected to the negative terminal 0 
oï the unidirectional high voltage source 89, 
and the other end terminal 5 is connected to 
the positive terminal !! . A potentiometer ! !9 
is co.nnected between the terminals !4 and 8 
of the voltage dividing resistor 3. A single 
pole double throw switch 120 is connected to 
either include or exclude the unidirectional high 
voltage source 80 from the sertes circuit arrange- 
ment, and bas a first connection 2, a second 
connection 22, a common connection 23 and 
a contact member 124. A movabie finer 25 
of the potentiometer 19 is connected to the 
second connection 22 of the switch 29. A con- 
ductor 28 connects the first terminal 121 of the 
switch 2,{} to the end terminal ! 4 of the voltage 
dividing resister . A conductor 127 connects 
the common connection 23 of the switch 29 and 
the second input terminal 88 of the bridge recti- 
fier 8 . 
As hereinbefore stated the potential developed 
across the terminals A and B of the condenser 
79 is applied through an impedance matching 
circuit 78 to the voltage dividing circuit 77. The 
impedance matching circuit 78 comprises a therm- 
ionic triode tube !28 having a cathode 29, a 
control grid 9, and an anode 31. The poten- 
tial from the condenser 79 is applied between 
the control grid 3 and the cathode 9 of the 
triode tube 2, and the voltage output which is 

supplied to the voltage dividing circuit ] is de- 
veloped across a cathode resistor , which is 
in series circuit relationship with the condenser 
79 and the triode tube 128. The cathode resistor 
5 2 bas an upper terminal 33 and a lower ter- 
minal 4. The upper terminal  of the cath- 
ode resistor 32 is connected to the cathode 19 
of the thermionic triode tube 28. The lower 
terminal 3 of the cathode resistor 32 is con- 
10 nected through conductor 35 to the raid-terminal 
! 8 of the voltage dividing resistor ! 3. The con- 
fro! grid |30 of the thermionic triode tube 128 is 
connected through conductor 36 to the terminal 
B of the condenser 79. The anode 3! of the 
15 thermionic triode tube 28 is connected through 
conductor 137 to the end or positive terminal ! 5 
of the voltage dividing reststor ! $. 
The impedance matching circuit 78 matches 
the high impedance of the potential source 79 
20 to the lower impedance of the voltage dividing 
circuit IL The voltage dividing circuit 77 is sub- 
stantially the same as my "Voltage Dividing Cir- 
cuit," Serial No. 685,945, now abandoned, filed on 
even date herewith. The voltage of the impedance 
25 matching circuit 78 which is applied to the volt- 
age dividing circuit 77 is obtained across the cath- 
ode resistor 32. The voltage dividing circuit 77 
comprises a biasing potential source I 8, a thermi- 
onic diode tube 39 and a resistor  in serïes 
3O circuit arrangement. The biasing potential source 
38 bas a positive tmTninal 4! and a negative 
terminal 42. The thermionic diode tube 39 has 
a cathode  and an auode  The resistor 
1 bas an upper terminal 145 and a lower ter- 
35 minal 18. The positive terminal  of the 
biasing potential source 38 is connected through 
a conductor 47 fo the upper terminal I of the 
cathode resistor 2. The negative terminal  
oï the biasing potential source 38 is connected 
4O through conductor  to the anode of the 
thermionic diode tube 39. The cathode I4 of 
the thermionic diode tube ! 39 is connected to the 
upper tezminal 45 of the resistor 40. A con- 
ducter  connects the lower terminal 1 of 
45 the resistor  to the lower terminal of the 
cathode resistor !32. 
As hereinbefore stated, the voltage dividing cir- 
cuit 77 bas a first output voltage means and a 
second output voltage means, for modifying the 
5O first and second grid circuit means .29 and 2! of 
the control means 19 and thereby modif:ing the 
output of the first and second excitation means 
respectively. The first output voltage of the 
voltage dividing circuit 77 appears across the ter- 
55 minals  and 5, vhich terminals shall be 
termed the first and second output termina]s re- 
spectively of the voltage dividing circuit ], which 
voltage is across the combination of the biasing 
potential source 38 and the thermionic diode 
60 tube 39. The second output voltage of the volt- 
age dividing circuit 77 appears across the ter- 
minals 14 and 5, which are the upper and 
lower terminals respectivety of the resistor 140, 
which terminals shall be termed the second and 
65 third output terminals, respectively, of the voltage 
dividing circuit 77. 
A first regulatory means 150 is used to further 
modify the first grid circuit means 20 of the 
control means 19 and a second regulatory means 
7O Il is used to further modify the second grid 
circuit means 2! of the control means 19. The 
first reguiatory means 150 includes two resistors 
152 and 153 in series across the output of the 
generator 13, so that a regulatory potential ob- 
ç  tained acress one of these resistors proportional 
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fo thé voltage output of the generator S can be 
used fo modify çhe voltage ouçpuç of the gen- 
erator  S by modifying the first grid circuit means 
28. The second regulatory means [5 includes 
two resistors 54 and 55 in series across the 
motor field [7, so that a regulatory potential ob- 
tained across one of these resistors, which will 
be proportional fo the voltage applied fo the 
moter field  7, can be used to modify the potential 
applied fo the field 7, by modifying the second 
grid circuit means 2 [. 
The generator S has a negative terminal 58 
and a positive terminal 57. The motor  has 
a negative terminal 58 and a positive terminal 
59. The negative terminals 56 and [58 of the 
generator and the motor   respectively, are con- 
nected by a conductor 65. The positive termi- 
na/s 57 and 59 of the generator 3 and the 
motor [, respectively, are connected by a con- 
ductor 6. In the first regulatory means 5{}, a 
connection [ 62 joins one end each of the resistors 
[52 and 5S. The other end of the resistor 52 
is connected to the conductor {} ai the con- 
nection 6S, and the other end of the resistor 53 
is connected fo the conductor [6 at the connec- 
tion [84. The second regulatory means 5[ in- 
cludes the resistor.s 54 and 55. The resistors 
54 and 55 have one end each connected to- 
gether ai the connection 88. The other end of 
the resistor 54 is connected fo the connection 75 
of the motor field 7, and the other end of the 
resistor [5 is connected to the connection 7 of 
the moter field [7. The connection 88 which 
connects the two resistors 54 and [55 of the 
second regulatory means 5 is connected by the 
conductor 87 fo the connection 82 which simi- 
larly connects the resistors 52 and 5S of the 
first regulatory means 5. A conductor 85 con- 
nects the connection 82 fo the upper terminal 
[5 of the resistor [{}, which is the second output 
terminal of the voltage dividing circuit 77. To 
complete the circuit for impressing the modifying 
potentials of the first and second outputs of the 
voltage dividing circuit 77, and the regulatory 
potentials of the first and second regulator 
means upon the control means 9, the foHowing 
connections and conducters are added: A con- 
ducter [88 is connected between the terminal 7 
of the voltage dividing resister [ 3 and the con- 
nection 86 between the third and fourth control 
grid resistors 63 and ; a conductor 89 is con- 
nected between the first output terminal of the 
voltage dividing circuit 77, which is the upper 
terminal 33 of the cathode resister 32, and the 
connection 63 which connects the first and sec- 
ond conrol grid resistors 58 and 59. 
In actual operation, variations in the speed of 
the moter Il are accomplished by varying the 
setting of the movable finger 5 of the poten- 
tiometer   9 in the potential source 7, and var- 
iations in the rate of acceleration or deceleration 
of the moter  [ are accomplished by varying the 
setting of the movable finger 8 of the poten- 
tiometer [{} of the potential source 78. The 
circuit operation wili start with the closing of 
the main switch , which causes electrical energy 
o fiow from the .main AC sotu-ce of voltage fo 
[he main transformer 9. This energization of 
the main transformer causes a potential fo be 
impressed between the cathodes and anodes of 
the four gaseous discharge devices, which gaseous 
discharge devices will cause excitation current fo 
fiow in the respective fields of the generator and 
motor if the proper potential is impressed be- 
tween the cathodes and control grids of the four 
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gaseous discharge devices from the respective grid 
circuit means. In the first excitation means, as 
hereinbefore stated, the control voltage impressed 
between the cathodes and control grids of the 
5 first and second gaseous discharge devices is the 
first alternating current voltage, modified by the 
potential of the first output voltage means of the 
voltage dividing circuit 77, and the regulatory 
potential of the first regulatory .means. In the 
I0 second excitation means, the potential applied 
between the cathodes and control grids of the 
third and fourth gaseous discharge devices is a 
voltage from the voltage dividing resistor [ [ S and 
the second alternating current potential, modi- 
15 fied by the potential of the second output voltage 
means of the voltage dividing circuit 77 and the 
reulatory potential of the second regulatory 
means. The operation begins with closing the 
main switch 4, thereby energizing the main 
OE0 transformer 9 and the associated rectifier cir- 
cuits of the first and second excitation means, 
with the assumption that the prime mover 4 is 
turning the generator ai rated speed. The 
switch [28 is then moved into the position so that 
°-5 the contact menber  24 contacts the second con- 
nection 122 fo the common connection 
This connection of the switch 2{) perrnits the 
unidh'ectional high voltage source 8{) to charge 
the condenser 79 fo a predetermined voltage ai 
30 a predetermined rate. The predetermined volt- 
ae is regulated by the setting of the movable 
finger 25 of the potentiometer I 9, and the pre- 
determined rate of charge is regulated by the 
setting of the movab!e finger [{}8 of the poten- 
3. tiometer . The actual operation of this po- 
tential source circuit 78 is as follows: Electron 
current flows from the negative terminal I{) of 
the unidirectional high voltage source 8{} through 
the conductor  2 fo the terminal A of the con- 
4O denser 79, through the condenser 79, thereby 
charging this condenser 79, fo the terminal B 
oî the condenser 79 and then to the first input 
terminal 85 of the bridge rectifier 8, then 
through the third unidirectional current passing 
45 device 89 fo the second output terminal 8 of the 
bridge rectifier 81, then from the cathode S fo 
the anode 92 of the thermionic pentode tube 82 
on fo the first output terminal 8 of the bridge 
rectifier 8, then through the second unidirec- 
.50 tional current passing device 88 fo the second in- 
put terminal 88 of the bridge rectifier 8 , through 
the conductor 27, through the switch [2{), the 
movable finger 25, through the right hand por- 
tion of the potentiometer [  S fo the terminal [  8 
5.5 of the voltage dividing resistor , through the 
right hand portion of the voltage dividing re- 
sistor  I3 fo the end terminal [ [5 of the voltage 
dividing resistor I , then return to the positive 
terminal [ of the unidirectional high voltage 
[0 source .8}. The constant current passing char- 
acteristic of a thermionic pentode tube is util- 
ized in this circuit in order fo charge the con- 
denser ai an essentially uniform rate. If will be 
seen that as the condenser 79 charges through 
65 the passage of the aforementioned electron cur- 
rent, the resultant voltage applied across the 
cathode 9 and anode 92 of the thermionic pen- 
rode tube 82 will decrease. This decrease in ap- 
plied potential across the thermionic pentode tube 
70 82 does not materially affect the rate of passage 
of current, due fo the essentially constant current 
passing characteristic of the thermionio pentede 
tube. The condenser 7S will charge to a poten- 
tial equal fo the potential setting of the movable 
75 finger 25 of the potentiometer IS af an es- 
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sentially linear rate. This charging rate will re- 
main essentially constant for any given setting 
conditions. This charging rate may be varied 
however by the setting of the movable finger 10 
of the potentiometer 101, which varies the ef- 
fective negative potential applied fo the control 
grid 93 with respect fo the cathode 0 of the 
thermionic pentode tube 82. Variations in the 
setting of this movable finger 108 oï the poten- 
tiometer 101 cause a more or less negative poten- 
tial tobe applied to the control grid 03 with re- 
spect fo the cathode 01 and thereby a smaller or 
larger current respectively is allowed to pass 
through the tube 82. This variable potential 
across the terminals A and B of the condenser 70 
is applied through the impedance matching cir- 
cuit 78 fo the voltage dividing circuit 77. This 
potential across the terminals A and B of the 
condenser 79 will be of the polarity such that the 
terminal A wfll be negative and the terminal ]3 
will be positive. This potential across the con- 
denser 79 is applied between the control grid and 
the cathode of the thermionic triode tube 128of 
the impedance matching circuit 70. The poten- 
tial applied between the control grid 30 and the 
cathode 129 of the thermionic triode tube 28 
controls the amount of current passed by this 
thermionic triode tube 128. The potential im- 
pressed between the anode 131 and the cathode 
129 is a constant value, being supplied ïrom the 
unidirectional high voltage source 00. The 
potential of the condenser 70 is applied between 
the control grid and cathode of the thermionic 
triode tube 1-0 through a portion of the voltage 
dividing resistor 113 which is of opposite polarity 
fo the potential of the condenser 70. This por- 
tion oï the voltage dividing resistor 3 is that 
portion between the terminal 116 and the end 
terminal I 4, which applies a negative potential 
to the grid 13{} with respect to the cathode 129. 
This blases the control grid negatively, and pre- 
vents current fiow through the tube 28 until 
the potential across the condenser 70 becomes of 
sufficient value to adequately oppose the poten- 
tial developed across that section of the voltage 
dividing resister 113 between the terminals I 
and 118. The potential impressed between the 
control grid 130 and the cathode 120 by the por- 
tion oï tle voltage dividing resistor 13 between 
the terminals I1 and 11.6 alone, is sufficienily 
negative to prevent any current fiow between the 
cathode and anode 131 of the thermioni triode 
tube 128. As the potential across the condenser 
70 increases, a point is reached where the negative 
potential applied to the control grid 130 withre- 
spect fo the cathode 129 is sufficiently small to 
permit passage of current between the .cathode 
129 and the anode 131. As the potential across 
the condenser 79 continues to increase, the con- 
fro! gird 130 becomes increasingly less negative 
with respect fo the cathode 120, thereby per- 
mitting continually increasing amounts of cur- 
rent te pass between the cathode 20 and the 
anode . This passage of current from the 
cathode 29 to tl]e anode I1 of the thermionic 
triod tube 12 will start at the negative ter.minsl 
$10 or the unidirectional high voltage source , 
through the conductor 112 to the end terminal 
 I* of the ve!rage dividing resistor 113, through a 
part oî the voltage dividing reistor I to the 
terminal I  tlereoL then through the conductor 
, lhrough the cathode resistor 132, through 
te tube 28 ïrcm the cathode 120 fo the anode 
I1, through the conductor |37 and return to the 
positive terminal ] oï he uniçirecti0nal high 

10 
voltage source 80. This flow of current causes 
a voltage drop across the cathode resistor 132. 
This voltage drop is therefore the voltage that 
is applied to the voltage dividing circuit 77. This 
 voltage drop will increase or decïease in direct 
proportion to the potential change across the 
condenser 79. The action of the voltage dividing 
circuit 7 is such that the potential developed 
across the cathode resistor 132 is impressed upon 
I0 the series circuit of the voltage dividing circuit 
consisting of the biasing potential source 133, the 
thermionic diode tube I, and the resistor 
The passage of the electron current thïough the 
impedance matching circuit 73 bas caused the 
15 ]ower terminal 13 of the cathode resistor fo be 
xegative with respect to the upper terminal 133. 
This voltage therefore is cormected in the series 
circui arrangement of the voltage dividing cri'- 
cuit 7ç in such a manner that the positive po- 
0 tential is impressed upon the anode I of the 
thermionic diode tube 130, and the negative po- 
tential is impressed upon the cathode 13 of this 
.thermionic diode tube 139. ttowever, the biasing 
potential source 38 is so comected in the series 
5 circuit arrangement that a negative potential is 
app]ied to the anode 14 of the thermionic diode 
tube 13. Therefore this negative potential from 
the biasing potenial source 138 being applied fo 
the ano'de I of the thermionic diode tube 
30 prevents the anode  from being positive with 
respect to the cathode 13 until the potential 
across the cathode resistor   exceeds the poten- 
tial of the biasing potential source. Until the 
potential across the cathode resistor 132 exceeds 
35 the biasing potential source 138, no currer/t is 
passed by the thermionic diode tube 10. Under 
these conditions, the impedance of the thermionic 
diode tube 19 is veïy high. When the potentia! 
across the cathode resistor 132 exceeds the poten- 
40 tial of the biasing potential source, and the 
thermionic diode tube passes current, a voltage 
drop will occur across the resistor 140. This volt- 
age drop across the resistoï 10, caused by the 
passage of current, is the second output voltage 
45 means. The first output voltage appears acïoss 
the fiïst and second output terminals which are 
terminals 33 and 5, and for all values of the 
voltage across the cathode resistor 1.32 below the 
potential of the biasing potential source $ the 
50 first output voltage wfll be substantia]ly equal 
to this voltage, because the thermionic diode tube 
3,9 wi!l not pass curïent and therefore there will 
be no voltage drop across the resistoï /9. For 
values of the voltage aoplied across the cathode 
55 resistor 32 gïeater than the potential of the 
biasing potentia! source, the thermionic diode 
tube 39 conducts current, thereby having a low 
irnpedance, and the first output voltage will sub- 
stantially equal the potential of the biasing po- 
60 tential source 130. The first output voltage will 
therefore remain constant at the potential of 
the biasing potential source for all values of the 
voltage drop across the cathode resistor 132 in 
excess of the potential of the biasing potential 
 source . The second output voltage which is 
across the resistor 10, will be zero in value for 
al! values oî the potential across the cathode 
resistoï 2 be]ow the potential ef the biasing 
poîentia] source 18, because the thermionic 
70 diode tube 3 wi!l hot pass any current to per- 
mit a voltage drop across the resistor 140. When 
the potentia! across tP.e cathode resistor 132 ex- 
ceed ;he potential of the biasing potential source 
 the thermionic diode tube thereby passing 
'..'.i current, theïe will be a voltage drop caused by 
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this passage of current across the resistor 140, 
and therefore there will be a second output volt- 
age. This second output voltage wfll therefore 
be substantia]ly equal te the incoming voltage 
across the cathode resistor 32 minus the poten- 
tial of the biasing potentia] source 38. Frora 
the foregoing description is can be seen that the 
operation of the voltage dividlng circuit 77 is 
such that an incoming signal voltage is divided 
into a flrst and second output voltage ata definite 
transition value governed by the potential of the 
biasing potential source 38. The flrst output 
voltage wfll vary directly with the incoming 
signal voltage for ail values of the incoming 
signal voltage less than the transition value, and 
remain at that transition va]ue for all va]ues of 
the inioming signal voltage greater than the 
transition value. The second output voltage wfi] 
remain at zero for al] va]ues of the incoming 
signal voltage below the transition value, which 
is governed by the potential of the biasing po- 
tential source 38, and will then vary directly 
with the inioming signal voltage for ail values 
of the incoming signal voltage in excess of the 
biasing potential source  38. 
As hereinbefore mentioned, the first and 
second output voltage means are used te further 
modify the first and second grid circuit means 
20 and 2 of the control means 9 te vary the 
first and second excitation means 6 and /8, and 
therefore vary the speed of the motor 
A first alternating current potential is de- 
ve]oped across the terminals 63 and 62, and the 
termina]s 63 and 64 of the first and second con- 
trol grid resistors 58 and 59, from the potential 
of the secondary winding 13 of the first trans- 
former 54 and the flrst phase shifting condenser 
56, which e]ements comprise the flrst grid cir- 
cuit means 2{}. This first a]ternating current 
potential will be out of phase with the main 
alternating current source of vo]rage, because of 
the action of the first phase shifting condenser 
56. This wi]l bave the effect of shifting the 
phase of the potential app]ied between the con- 
trol grids and cathodes of the first and second 
gaseous discharge devices with respect te the 
alternating current vo]rage impressed between 
the cathodes and anodes of these same gaseous 
discharge devices. The potential of the flrst 
regu]atory means wi]] be the potential deve]oped 
across the resistor 53 by the output voltage of 
the generator 13, and assuming the potential of 
the voltage output of the generator 3 te be as 
shown in Figure 1, the connection 62 wfl] be 
negative with respect te the connection 
which connections are across the resistor 
The regu]atory potential developed across this re- 
sistor 53 is se connected in the circuit te im- 
press a negative voltage upon the contre] grid 
with respect te the cathode of the first and sec- 
ond gaseous discharge devices 23 and 24. This 
wfll have the effect of ]owering the reference 
voltage of the first alternating current poten- 
tial with respect te the main a]ternating cur- 
rent source of voltage. The potentia] of the first 
output vo]rage means from the vo]rage dividing 
circuit 17 is se connected in the circui arrange- 
ment se that a positive potential is impressed 
upon the control grid with respect te the cath- 
ode. The flrst output voltage will therefore have 
the effect of tending te raise the reference volt- 
age of the first a]ternating current potential with 
respect te the reference potential of the main 
alternating current source of voltage. Te trace 
the circuit connections of the first grid circuit 
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means, starting with the cathode 27 and 0 of 
the flrst and second gaseous discharge devices 
23 and 24, the circuit extends through the con- 
nection 6{} atone end of the generator field line 
. {}, then te the positive terminal 157 of the gen- 
erator 3, the connection 64, through the re- 
sistor 5 wherein a negative potentia] of the 
first regulatory means is impressed, te the con- 
nection 62, through the conductor 6 te the 
]0 upper terminal 45 of the resistor 4, through 
the resistor 4{}, wherein a negative voltage, iï 
any, is applied, te the ]ower terminal 46 of this 
resistor 4, through the conductor 4{} te the 
lower terminal 4 of the cathode resistor 32, 
]5 through the cathode resistor 2 where a poi- 
rive potential is impressed from the first output 
voltage, te the upper terminal 33 of the cath- 
ode resistor 32, through the conductor Iç9 te 
the connection 63 and thence return te the re- 
0 spective contre] grids 29 and 3 through the first 
and second control grid resistors 59 and 
wherein an alternating current potential of the 
first alternating current source is impressed. The 
result of the combination of these three voltage, 
':5 applied between the cathodes and control grid, 
of the flrst and second gaseous discharge devices 
23 and 4 of the flrst excitation means is 
follows: 
The ]inearly variable voltage generated by the 
7.0 potentia] source 16 across the condenser 79 
applied through the flrst output voltage means 
of the voltage dividing circuit 77 aise as a sub- 
stantially linearly variable voltage, and has a 
tendency te raise the reference potential of the 
5 contre] grid-cathode voltage with respect te the 
anode-cathode voltage, which wfll have a tend- 
ency te make the gaseous discharge devices tire 
ear]ier in the cycle, because the critical grid 
potentia] of the gaseous discharge devices i ex- 
40 ceeded increasingly earlier in the cycle of the 
alternating current voltage between the anodes 
and cathode.s; this tendency te tire or trigger the 
gaseous discharge devices earlier in the cycle will 
tend te increase the excitation of the first ex- 
5 citation means, which means an increase in the 
excitation of the generator fleld 15, and a con- 
sequent tendency te increase the voltage out- 
put of the generator 13. As the generator volt- 
age tends te fise, the potentia] of the first reçu- 
50 latory means will aise tend te rise, which poten- 
tia] tends te lower the reference potential of the 
grid-cathode voltage with respect te the anode- 
cathode voltage, therefore tending te make the 
gaseous discharge devices tire or trigger later in 
55 the cycle, thereby reducing the excitation sup- 
p]ied te the .generator fle]d 15, and consequently 
the generator output voltage. Of these two op- 
posing tendencies, the flrst output voltage of 
the voltage dividing circuit is the stronger, be- 
C0 cause of the increasing voltage output of the first 
output voltage. The resu]t is an essentially linear 
increase in the generator output voltage at 
rate established by the setting of the movable 
finger I{}{} of the potentiometer I1 of the po- 
C.5 tential source 16, and te a voltage output regu- 
lated by the setting of the movab]e linger 
of the potentiometer 119 of the potential source 
76. The potential of the biasing potential source 
139 of the voltage dividing circuit 77 will be made 
,o such that the transition value regulated by this 
potential, and at which value the second out- 
put voltage begins te appear, will be just suffi- 
cient te permit rated output voltage of the gen- 
erator 13 and consequent rated speed of the mo- 
î5 ter II. This transition value between the first 
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and sccond output voltages of the voltage di- 
viding circuit ll bas the effect of an automatic 
change over from control of the first excita- 
tion means to the control of the second exciça- 
tion means, in order ço obtain higher than rated 
speeds of the motor  by modifying the second 
grid circuit means 2! of the control means 19 
of the second excitation means III for the motor 
field Il. As hereinbefore stated, the second grid 
circuit means 21 includes the secondary wind- 
ing ] of the second transformer , the sec- 
ond phase shifting condenser ], the third and 
fourth control grid resistors 60 and 6, and a 
portion of the voltage dividing resistor 113, modi- 
fied by the second regulatory means Il and 
çhe second output voltage means of the voltage 
dividing circuit ]. This second grid circuit 
means 21 operates in substantially the same 
manner as the first grid circuit means -0. A 
second alternating current potential is developed 
across the resisters 69 and 61, from tloEe sec- 
ondary winding ] of the second transformer 
55 and the second phase shifting condenser l. 
This second alternating current poçential is out 
of phase with the main alternating current 
source of voltage because of the second phase 
shifçing condenser ], which causes the control 
grid-cathode voltage ço be out of phase of the 
anode-cathode voltage of the third and fourth 
gaseous discharge devices 2 and 2. The ex- 
citation supplied to the motor field ] by the 
second exciçation means 8 will also produce a 
voltage across the resisors .4 and . The 
voltage developed across the resistor  is the 
poçential of the second regulatory means I, 
and, as shown in Figure 1, the connection 16 
will be negative with respect fo the connection 
0 of the motor field ]. The potential of the 
second regulatory means l is so connected in 
çhe circuit arrangement so as ço impress a nega- 
rive potential upon the control grids of the third 
and fourth gaseous discharge devices 2 and 2 
with respect to the cathodes of these gaseous 
discharge devices. This negative potential upon 
the control grids has the tendency to lower the 
reference voltage of the control grid-cathode 
voltage with respect o the reference voltage of 
the anode-cathode voltage. For the condition 
where there is no voltage from the second out- 
put voltage means of the voltage dividing cir- 
cuit ]], where the setting of the movable finger 
25 of the potentometer 19 of the potential 
sou'ce ] is causing the motor   tobe operated 
ai er below rated speeds, the circuit _.rrange- 
ment is such that a positive potential from the 
voltage dividing resist0r Il] is applied to the 
conçrol grids of the third and fotu'th gaseous 
discharge devices with respect to the cathodes, 
of such magpAtude to permit full excitation of 
the motor field Il. With the setting of the mov- 
able finger 12 of the potentiometer 119 of the 
potential source ] sufficient to permit a sec- 
ond output voltage from the voltage dividing 
circuit ?], the result of this second output volt- 
age is fo oppose the pçtential across the end 
porçion of the voltage dividing resistor 13 so 
that the reference voltage of the control grid- 
cathode potential becQmes increasingly less posi- 
tive with respect fo the anode-cathode poten- 
tial, thereb:¢ reducing the excitation to the mo 
for field I, and consequently increasin2  the 
speed of the motor  l. To trace the circuit con- 
nections for the control grid-cathode potential, 
starting with the cathodes 3 and 3, çhe circuit 
extends thr0ugh the connection 69, the connec 
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tion Il}, through the resistor.IM, to the connec- 
tion 166, wherein a negative potential of the sec- 
ond regulatory means is applied, through the 
conductors I and I to the upper terminal 
5 1 of the resistor IO, through the resistor 
wherein a negative poçential of the second out- 
put voltage is applied, to the lower terminal 
of the resistor Il}, through the conductor 
fo the terminal 13, through the conductor 
]0 to the terminal I I of the voltage dividing 
sistor IlS, through a portion of the voltage 
viding resistor IlS to the terminal I I wherein 
a positive potential is applied, then through the 
conducçor 61] to çhe connection 0, and return 
15 fo the respective control grids 3 and  through 
the third and fourth control grid resistors l} and 
61 wherein the second alternating current po- 
tential is applied. As the potent2al of the sec- 
ond output voltage means increases, by an in- 
20 creasing voltage across the condenser ] of the 
potential source , an increasingly larger nega- 
rive potential is applied to the control grid with 
respect to the cathode of the gaseous discharge 
devices of the second excitation means. This 
25 increasingly negative potential has the tendency 
to lower the reference voltage of the second 
ternating current potential which is applied 
across the control grids and cathodes with re- 
spect to the main alternating current voltage 
0 which is applied across the anodes and cath- 
odes. This tendency will cause the control grids 
fo trigger or fire the gaseous discharge devices 
!ater in the cycle thereby tending to reduce the 
excitaçion supplied ço the second excitaçion 
5 means, and consequently increase the speed of 
the motor . The tendency to reduce the ex- 
citation supplied to the motor field ] will tend 
to reduce çhe potential developed across the re- 
sistor 4, which potential is the second regu- 
,io ]atcry potential, which tendency to reduce the 
second regulatory potential will tend to raise the 
reference voltage between the control grid and 
cathode with respect fo the refeïence voltage be- 
tween the anode and cathode, which will tend 
,i. to increase the excitation means. These two op- 
posing tendencies balance each other in a static 
condition, however, in a varying condition, the 
changing potential of the second output voltage 
wi]l prevail, and effect the second excitation 
;ç! means sufficiently fo re-establish the static con- 
dition. This second grid circuit means 2 of the 
control means 19 has the result of obtaining 
greater than rated speed of the moter Il. The 
combined operation of the first and second gïid 
5 circuit means 21} and 2 of the control means 
19 bas the resultant effect of permitçing con- 
stant acceleration of the motor  fo any pre- 
determined speed up to many rimes raçed speed 
ata predeterminable variable acceleration rate. 
(0 To permit constant deceleration to zero speed 
of the motor If, the single pole double throw 
switch 20 of the potential source ] can be 
thrown to exclude the voltage from the unidi- 
rectional high voltage source ill} in the circuit 
5 arrangement of the potential source . Vhen 
the switch I0 is so thrown, çhat is when the 
contact member 121 connects the first connection 
121 to the common connection 123, the con- 
denser .9 will be placed across the input ter- 
70 minais of the bridge rectifier I1, and will dis- 
charge through the bridge rectifier and pentode 
tube 82. The rate of discharge will be constant, 
as was the rate of charge, because of the con- 
stant current passing characteristic of the 
ï5 çhermionic pentode tube I]-. This rate of dis- 
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charge wi11 again be regulated by the setting of 
the movable finger [08 on the potentiometer 
[0[. Variations in the setting of this movable 
finger [08 causes variations in the negative po- 
tential of the control grid 93 with respect fo the 
cathode 
and therefore vary the amount of curïent passed 
by the thermionic pentode tube 82. This has the 
effect of causing the condenser 79 fo discharge 
ai a substantia1]y constant rate, which means 
the voltage across the condenser 79 will decrease 
substantia]]y linear]y. This substantial]y linearly 
decreasing voltage across the condenser 79, is, 
as belote, applied through the impedance match- 
ing circuit 78 and the voltage dividing circuit 
77, in the form of the first and second output 
voltages, to modify the control means ]9, to 
regulate the excitation means and therefore the 
speed of the motor ] ]. In a circuit ana]ysis simi- 
lar to that for an increasing speed of the motor 
] ] by an increasing voltage across the condenser 
79, the motor ]] will be caused fo ]inear]y de- 
crease in speed by a decrease in the potentia] 
across the condenser 79. 
To permit constant deceleration fo any prede- 
termined speed of the motor ]], with the motor 
] ] running at any given speed, the setting of the 
movable finger ]25 of the potentiometer []9 may 
be changed fo a lower value. Given this condi- 
tion, the voltage across the terminals A and B of 
the condenser 79 will then be higher than the 
voltage applied fo the circuit of the potentia] 
source 70 by the setting of the movab]e finger 
of the potentiometer ]]9. The condenser 79 wi]] 
therefore discharge through the series circuit ar- 
rangement of the high voltage unidirectional 
source 80 and the bridge rectifier 8]. The rate 
of discharge wi]l again be governed by the setting 
of the movable linger ]08 of the potentiometer 
H}]. The rate of dece]eration wi]l again be sub- 
stantially constant, due fo the constant current 
passing characteristic of the thermionic pentode 
tube 02, and static conditions wil] again be main- 
tained when the voltage across the terminals A 
and B of the condenser 79 equals the voltage ap- 
p]ied fo the potential source 76 by the setting of 
the movable finger ]25 of the potentiometer ] [9. 
Throughout this description, if has been stated 
that an essential]y ]inear voltage generated by 
the potentia] source 70 and app]ied through the 
first and second output voltage means of the volt- 
age dividing circuit 
will cause essential]y linear speed control of the 
motor ] l. This characteristic of my invention is 
accomp]ished because the potentia] of the regu- 
]atory means opposes the potentials of the first 
and second output voltage means, and since the 
voltages of the first and second output voltage 
means are essential]y linearly variable, the vari- 
ations in motor speed wi]] fo]low an essentially 
straight line. The effect thereby produced is 
that in a predetermined set condition, with these 
two potentials opposing each other, variations in 
circuit constants due fo temperature fise and 
other variab]es are cancelled out by the effect of 
the potential of the regulatory means. In a vary- 
ing condition, where the speed of the motor I ] is 
being caused fo be either ]inear]y increased or 
decreased, the opposing tendencies of the poten- 
tials of the regu]atory means and the output 
voltage means wi]] compensate for hysteresis and 
armature reaction effect because a tendency to 
change the output voltage of the generator from 
that indicated by the setting of the movab]e finger 
]2 of the potentiometer ]]9 will automatica]]y 

bring a change in the potential de]ivered from the 
regu]atory means to re-establish the predeter- 
mined set conditions as predetermined by the 
setting of the movable finger ]2 of the potenti- 
5 ometer ]]9. 
l'om the foregoing description, it may be seen 
that the linearly variable voltage generated by 
the potentia] source 76 may be used to ]inear]y 
vary the generator output voltage alone, as shown 
I0 in Figure 2, or the speed of a motor a]one, as 
shown in Fgure 3. With reference fo Figure 2, 
it may be seen that the linear]y variable voltage 
of the potential source 76 is app]ied direct]y to 
the generator field excitation means ] $ to ]inearly 
15 vary the generator output voltage. With refer- 
ence fo Figure 3, the linearly variable voltage of 
the potential source 76 is applied directly fo the 
motor field excitation means ]8 to linearly vary 
the motor speed. 
20 A]though I bave described my invention with 
a certain degree of particu]arity in its preferred 
formit is understood that the present disc]osure 
of the preferred form has been ruade only by way 
of example and that numerous changes in the 
25 details of construction and the combination and 
arrangement of parts may be resorted fo without 
departing from the spirit and the scope of the 
invention as hereinafter c]aimed. 
I claire: 
30 1. An electl'ical control circuit for varying the 
speed of an e]ectric motor comprising, in combi- 
nation, a generator having a field winding and 
an eiectrical output, a motor having a field wind- 
ing and an electrical input, first connection means 
35 for connecting the electrical output of the said 
generator fo the e]ectrical input of the aid motor, 
first excitation means including a first gaseous 
discharge device having a cathode and a control 
grid for exciting the said generator fie]d winding, 
40 econd excitation means including a second gase- 
ous discharge device having a cathode and a con- 
tro] grid for exciting the said motor fie]d winding, 
control means for varying the speed of the said 
motor, first grid circuit means impressing a po- 
45 tential between the cathode and the control grid 
of the said fin'st gaseous discharge device, second 
grid circuit means impressing a potential between 
the cathode and control grid of the said second 
gaseous discharge device, a potential source for 
50 modifying the said control means, and a voltage 
dividing circuit connected between the said po- 
tentia] source and the said control means, the 
said voltage dividing circuit having first and sec- 
ond output voltage means, the said tiret output 
5 voltage means modifying the potentia] impressed 
between the cathode and control grid of the said 
first gaseous discharge device for varying the said 
first excitation means, the said second out.put 
voltage means modifying the potentia] impressed 
O between the cathode and contro] grid of the said 
second gaseous discharge device for varying the 
said second excitation means. 
2. An electrical control circuit for varying the 
speed of an electric motor comprising, in combi- 
 nation, a generator having a fie]d winding and 
an electrical output, a motor having a field wind- 
ing and an electrical input, first connection 
means for connecting the electrica] output of the 
said generator fo the electrical input of the said 
70 motor, flrst excitation means including a first 
gaseous discharge device having a cathode and a 
control grid for exciting the said generator fie]d 
winding, second excitation means including a sec- 
ond gaseous discharge device having a cathode 
7 and a control grid for exciting the said motor 
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/lelel»wtrllng; gontrol:means-for Varying the' speëd 
of- %he 
png::a ntia-1 between the Cuthode and 
 :conVoi grid,of"the:saifl flrst :gáséoùs scharge 
de» second:: grid CoeCuit means ïmprëssing á 
nal betwe::the athode anffc6htol grïd oI 
t sain secd gaseousdischayge devie, -a p0- 
tenl, sroe, f mOdïfying th sain: control 
m 
t. e :td, ntial: soueë- and th id: c0n 
tr«l:m., the ,sid:voltage.dividing ci.rcuit ha- 
i ;rst and sond ouUt voltage, means, the 
sai:st::outpu voltage moins odilng the 
ntial:impreed:between the cathode-and con- 
trol, grtd.of:the.:i:eefiSt gaSe0u disehrge, de 
vfor vyg thësaid first exeitatih meansl 
the aldsecond outpUt: voltage mhs: m0difyg 
the nal; lmpre: betwn the cahOde:ad: 
control gd Of the Said;ee0nd geOus ddhargé- 
devtce,:f¢: vang the sai seC0d ecltatien 20 
m, rst:regulatory ëah hYifig a regUlaty 
POIresponsive to :the: eiecticht éutut:f oe-e 
sa:geratr for 
tl impred tWeën thecath0de Cd, eontr01. 
gd:ot thesaid flrst gasëous dchage.dèvieë 
ruCher,: vaing the said:st exeitatien, meus,. 
andeoend:»elat meag 'haYig a :règulato: 
pnlresivè: o the peteniàl -plied.,  
the $aid morfleid windg fby: fther m0dif- 
i-:totenttaIçimpregsè4 ,bëtweeh hé cathode 
a ¢ontra}grid of the Said-:son-:gau d- 
cgge: de.ce f0Y fthe:Vg]ngthe said sod 

electrï6 SYSfem comprising, in combinati0n, a gen= 
ertor having, a field winding and án ëlectricl 
oùtï>ù't, a mot0r Haïng a field windihg and an 
electricï inpUt, first ekcitation means includng 
5 a-fifSt ,gasë0us disclmge device having anan0de: 
a ïth0de and a c0ntrol grid for exciting the 
sid gene'ràtor field winding, second excitaflbn 
meaa, includifig a second gaseous dïschargë de- 
vice havïng an anode, a cathode and a Contr01 
10 grîi2,foï-eXciting the said motor field winding; 
maiïi a-ltrnating current source of voltage for 
su.ilying electrï6al energy between the anode 
an'd,lïe ath0de of boh.the first and sëcond gasë= 
ours dïchage dëvfcës foi- exciting the said fiist 
15 and=e6fld e6ai0n means, contrsi fiïens for 
vïi-iig the salïi ëCit'ati0n means,-the sid Coï» 
trol :mëans iiiiùding a first alternating cùïëiit 
source of voltage electrically out of phase with 
thë aid:Aain altenating current source of Volt= 
agë.fr-.impëhsing a potential between thë 
odë and the cëntrl grid of. thé said flrst 
d!siïae dbqice and a Second alternating cur- 
rênt SoùrCë of vbltge electrically out of 
wit thë said min aiternating-currenf sourcL of. V61th$ë fb imiesing a potentihl betweer the- 
catlïède and the conrol grid of the said 21rt 
gagëoiï: dicharge device, and a second alter: 
natrï.ciirënt Surce of voltage .elecfrically out 
of itie with the said  máin alternatir/g cu- 
0 refit g6ïëè of v01tàgè for impréssing a potential 
betveefi fiïe Cathode  a'nd contr01 grid Of the sïd 
sëcëfid gaseous discl/ge device, a potefiii 
sou'cé for m6diying the-sid cont;ol.mean; 

3 Anelectriat, c'or/trolr, OioEctit:f0i-a.dyae- voltage dividl/gircuit connectèd betëe the. 
eleetic.systrn:¢omprîsing, iriëombi,nati0i;, a ge'fi 35. sald poèntï,l soucé: and- the id C0n$;ol meanS, 
eater: havir a ield, Wi,dïng- aigri- alï :leric thê:s.'a,id: voaë.diWding circuithvÏng fist and 

OUrlet; :a mor:lavirïg.a ,fiëld çidig a'nd an 
eleaal input; ErseCiCin.êS indldïng. 
a"sgeous:disharge, deVlce hVifi: n ah0de 
a ¢aoEe - a ::ontl grid-fer ëëttig ëSad-- 
gafieId, idïng/: sec'0d exciibn 
invg a.seoen:gous dh.rgë devicê:hv- 
i«.C:aë/a ,¢ath :and: a -entol: grid fo 
exclinstësid, mr::field:indg,, a:mài:n-al: 
te»nttng, cent', Source of Yolagê for. supplyihg: 45 
elal:eneg,y:beween thè ,0de:ad:thè 
odë oç ,:the: flrs.:nd són'd ggsebs.di 
charge:-dev for exClting.: te:saifl:firff an  
snd::exetio ms,- c0nrl meahs for 
i.:thë' satd :xclon meanS the sàld, control. 5o 
m;clUdtng::aflrs,al.tig.cUrent soue 
o£ïyoltge :éctcglly:ouç of, ase it th« 
mn: atrflng currént ,source of:-voltgé 
rg. a tial:.betwee: thë cgth0dg 
theî.¢nl g: of thg Sald fi:gsus dz 55 
che devi¢e nd a- secn:alting: 
sou ofvoltage electrlcally:out:0fgha:wit të 
sdmoEtatient.sorc e of volgë 
iing; a:potenflal:, between: the; cte: 
conl:d.ot.thesd:second :gaSe'o dchgë, 60 
deoe; a.,pontlal soùrcë:fo:modifng the :si. : 
ctml: mns;,, and   :volge. ding ;:cioeUit 
cooetbet:the said' ttlalurCë nd 
the:m/cont01-me.the sàid volge:dividing,: 
cit..hang'first : and::seCond:::output, voltag6 
mm; .the: said::outputvoltage:menS:mö« . 
fn¢ thttal.impreed :between the. cth 
ode and control:id:of'thg:sidfirstgeouSs 
cge .tierce .f0 a:the:sa, id fist:exëitti6n 
cdenfl contro gridïof thesid Seoend:ga« - 
o'ge :devtcefvag::th'é said seCgd 
extl,me :  
4: Aaelilc0ntol: circt fbr: a"dm0: 75 

secondoutut v61mge mens, the SaÏd tirst ou: 
puv01tagë - mëïfi modifYing thë p0tentiai im- 
piessëd bétwee the cathode arid contr01 grid Of" 
thë Säidfiis gase0us discharge deice for 
ing thë Sàïd firS éXcltation moins, the Said se- 
on'd:oùtlSU volagë mëans modifyflUg thé poten- 
fiat: ilrësecï:bétween the cáthode and cont01 
gid. of: thë' Said: second- gasëóus dischargë devïce 
fo Vayirïg thë Sid second excitation moinS:; 
12rs regul:6ry ,mefiS h*aving á regulatory.Poten  
tial:rësOnsie " to tlïe electrical outpu of thL said gèherà6r ïo further modifying the potë 
tigl-impresed: bétween the cathode and conoÏ 
gri:d:of:thé said tirs gaeous dischat;ge deviCe for  
ïurthë varyîn thè Said tirs excitalJion 
andseeOnd.rdghlaOry means having aregulato 
poïïi:l rêsi55rïsié to thë potentia[ appiied t0: 
thé said:rh6tb- fiéld 'Wiflding for further modif: 
in: thë  Pteiïtiat. irhpessed beweën She cathsdë 
and CSit+51.gfïd:,bf thë Said second gaseous dig 
chafe dèVièfbr'fuher varying the sïid second 
excïtgfibn:mëris. 
5: -Aiïelgctrïcl: c0ntrol cil:cuit for vafYing the 
spe'ed ol  an elCcr-ic - motorcomPrising,, in ï coin= 
bin:tiClï; á gëiieïttbr having a fieid winding::ánd 
an eleCtiCal btitPUt; a motr having a field wind- 
inc:and an  elCtïCl , inpUt, first connecti0ri 
me'hng-,foi" cbt/nëcting, thè electrical outpùt' of' 
thë sid, gené-ràtbr  te the electrical inpUt of thë 
sgid"niotor,"firSt ' excitátion means including a 
fir+ gs:e0ïS':diclargedè/ice havinga cathsdë 
and à:c6iïtr61:gid. fór e:iting the said generat0r : 
fiéId:,,winding , second, exittion means includ:: 
ing-a .sec+o-r/d: gase6us dichage devie hving: a 
ctii6dë hd a:coritbl grid- forexciting.the said 
m6oi« fieId :.winding,:. c0ntroi- meahs including: a  
firff,ar/d %c6r/d :grid:circúlt means fo2 varïg 
thë:.sïeëdof: the sa/d: motor;- the, said flrs gri ' 
circttW m'ea'n's déqeloplng: a first' altèrnating 
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ïent voltage and impressing the lïrst alternating 
current voltage between the cathode and the 
eontrol grid oï the said iïrst gaseous discharge 
device, the said second grid circuit means de- 
veloping a second alternating cuïrent voltage 
and impressing the second alternatin current 
voltag'e between the cathode and control grid 
of the said second gaseous discharge deviee, a 
potential source for modifyin the said con- 
çrol means, a voltage di-iiding ciïeuit connected 
between the said potential source and the said 
control means, the said voltage dividing circuit 
having first and second output voltage mear% the 
said first output voltage means modiïyt,g the po- 
çential impressed between the cathode and con- 
trol grid of the first gaseous discharge device for 
varying the said first excitation means, the said 
second output voltage means modifying the po- 
tential impressed between the cathode and con- 
trol gïid of the said second gaseous discharge 
device for varying the said second exciçation 
means, first regulatory means having a regula- 
tory potential responsive te the eleetrical output 
of the said generator ïor further modifying the 
potential irnpressed between the cathode and 
control grid ofthe said first gaseous discharge 
deviee for ïurther varying the said first excita- 
tion means, and second regulatory means having 
a regulatory potential responsive te the poten- 
tial applied te the said motor iield winding for 
frther rnodiïying the potential impressed be- 
tween the cathode and control gr.id of the- said 
second gaseous discharge device for further vary- 
ing the said second excitation means, 
6. An electrieal eontrol circuit for varying the 
speed of an electric motor comprising, in com- 
bination, a generator having a field winding and 
an electrical output, a motor having a field wind- 
ing and an electrical input, first connection 
means for connecting the electrical output of 
the said generator te the electrical input oï the 
said motor, fiïst excitation means including a 
first gaseous discharge device having an anode, 
a cathode and a control grid for exciting the said 
enerator field winding, second excitation means 
including a second gaseous discharge device hav- 
ing an anode, a cathode and a control grid for 
exciting the said motor field winding, control 
means including a first and a second grid cir- 
cuit means for varying the speed of the said me- 
ter, a main alternating current source of voltage 
for supplying a voltage between the anode and 
the cathode of both the fast and second gaseous 
discharge devices for exciting the said first and 
second excitation means, the said first grid cir- 
cuit means developin a first alternating current 
voltage electrically out of phase with the volt- 
age of the said main alternatin current source 
of voltage and impressing the first alternating 
current voltage between the cathode and the 
controi grid of the said first gaseous discharge 
device, the said second rid circuit means 
veloping a second alternating current voltage 
electrically out of phase with the voltage of the 
said main alternatin current source of voltage 
and impressing the second alternatin current 
voltage between the cathode and control grid 
of the said second gaseous discharge device, a 
potential source for modifying the said control 
means, a voltage dividing circuit connected be- 
tween the said potential source and the said 
controi means, the said voltage dividing circuit 
having first and second output voltage means, 
the said first output voltage means modifying 
the potential impressed between the cathode and 

2O 
control grid of the said first gaseous discharge 
device ïor varying the said first excitation means, 
the said second output voltage means modifying 
the potential impressed between the cathode and 
5 control grid of the said second gaseous discharge 
device for varying the said second excitation 
means, first regulatory means having a regula- 
tory potential responsive te the electrical out- 
put of the said generator for further modifying 
I0 the lotential impressed between the cathode and 
control grid of the said firs gaseous discharge 
device for further varyin the said first excita- 
tion means, and seoond regulatory means having 
a reulatory potential responsive te the poten- 
15 tial applied te the said motor field winding for 
îurther modifying the potential impressed be- 
tween the cathode and control grid of the said 
second gaseous discharge device for further vary- 
ing the said second excitation means. 
20 7. An electrical control circuit for varying the 
speed of an electric motor comprising, in com- 
bination, a generator having a field windin and 
an electrical output, a motor having a field wind- 
ing and an electric input, first connection means 
.. for connecting the electrical output of the said 
generator te the electrical input of the said me- 
ter, first excitation means includin a first as- 
eous discharge device havin a cathode and a 
control grid for exciting the said generator fleld 
30 winding, second excitation means including a 
second gaseous discharge device having a cath- 
ode and a control grid for exciting the said me- 
ter field winding, control means for varying the 
speed of the said motor, the said control means 
35 comprising a first and second alternating cur- 
rent voltage means having, respectively, a first 
and second alternating current voltage, the said 
first and second alternating current voltage 
means impressing the said first and second al- 
40 ternating current voltages between the cathodes 
and the control grids of the said first and second. 
gaseous discharge devices, respectively, a potenr 
tial source for modifyin the said control means, 
a voltage dividing circuit connected between the 
45 said potential source and the said control means, 
the said voltage dividing circuit having first and 
second output voltage means, the said flrst out- 
put voltage means modifying the potential im- 
pressed between the cathode and control grid 
50 of the said first gaseous discharge device for 
varying the said first excitation means, the said 
second output voltage Ineans modifyin the po- 
tential impressed between the cathode and con- 
trol grid of the said scond gaseous discharge 
oe device for varying the said second excitation 
means, first, regulatory means having a regula- 
tory potential responsive te the electrical out- 
put of the said generator for further modifying 
the potential impressed between the cathode and 
,.) control grid of the said first gaseous discharge 
device for further varying the said first excita- 
tion means, and second regulatory means hav- 
ing a regulatory potential responsive te the po- 
tential applied te the said motor fleld winding 
65 for further modifying the potential impressed 
between the cathode and control grid of the said 
second gaseous discharge device for further vary- 
ing the said second excitation means. 
8, An electrical control circuit Ïor varyin the 
ï0 speed of an electric motor comprising, in com- 
bination, a generator having a fleld winding and 
an electrical output, a motor having a fleld wind- 
in and an electrical input, flrst connection 
means for connecting the electrical output of the 
75 said generator te the electrical input of the sald 
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motor, flrs excitation means including a flrst 
gaseous/ discharge device hving.: an  nodë, 
cathode and. a controlgid for exciting the. Laid 
generator field winding, second exCiation means 
including a. Second gaseous dischargedevice haw 
ing an anode, a cathode and a control grid fo 
exciting, the said mOtor fleld winding,  main 
ternating current voltge means for supplyingu 
voltage between the a-node and the cathodeof 
both. the first and second gaseOus discharge-de- 
vices for exciti.ng thesaid flrst, and second exci 
ration means, contrO1 mëans for vryingthe speed 
of thé. said. motor, the said controlmeans com- 
prising a first and second alternating urrent 
voltage meanS hving,  rèspectivelY» a firSt :and 
second voltage electrically out Of  phase with thë 
voltage of :the said main-alternating .current 
means, the said flrst and second alternating eur 
rent.voltage means impressing the said flrst and 
second alternating current voltage, between the 
cathodes. nd-the control grids Of  thesaid flrst 
and-second-gaseous discharge devices rëspëc- 
tively,  potentiaI source for modifying the Said 
control means,-a voltage dividing circuit con 
nectedbetween the said potential sourceand the 
said control means, the said Voltage' dividing cir 
cuit having  first .and. second output  - voltage 
means, the.said flrst outpu'volage means mOdi 
fyin..the potential 4mpressed between the Cath  
odeand controt grid of the ,saidflrst gaseous dis- 
charge device for varying the said. firstexcia 
tion.means, thesaid second output VoltagWmeans 
modifying.the potential impressed betwéèn 
cathode and .control grid  of  the said  second 
gascous discharge device for vrying the  said 
second excitation means;flrst reulatory means 
having a regulatorypotential responsie tothe 
electrical output of the-said generator for fur 
ther modifying.the potential impressed betweï 
the. cathode and. control grid of the said flrt  
gaseous discharge device for further varying thë 
said first excitation means, .and second regulatory 
means having a. reguiatory potential reSponsiVë 
to .the potential applied fo the Said motorfleld 
winding .forfurther modifying the potential 
pressed.between the cathode and control grid of 
the said second gaseous discharge device forfr.« 
ther varying the said second excitation meanS. 
9:  In a dynamo-electrie system- having a gen- 
erator and a motor, said generator and motor 
each having. a fleld winding, 'flrst excitation "  
means for exciting the said' generator fleld wind- 
ing,. second excitation means'for exciting the said 
motor-fleld winding, the provision of control 
mens comprising a potential source having an 
essentially ]inear automatically variable voItage 
overa flrst and a second voltage range, flrst out- 
put Voltage means for varying the said flrst ex- 
citation means .through the 'said flrst 7oltagè 
range of the said potential source fo vary thè 
output voltge of the said generator, seCOnd Out- 
put voltage,means for varying the said second ex- 
citation means through thesaid second voltage 
range of the said potential source fo varY he 
speed of the.said motor, circuit meanS for con- 
necting the. said potèntial 'sourceto both the 
flrst and second output voltage means, and elec  
tronic -transition .means for effecting a 

cal output, a motor haing a fleld winding and 
ah'electrical input flr ëxcitati6r mei f0r 
citing ? he 'Said  genëtor fle]lindfr, :ëod 
ekitation means  fo:: exciting the. Sïd 
fleld winding, nd controi:mëanS for'ëssenifi " 
lihearly 'arng thesaid, flrst and sëCnd 
tion means to essenti.lly learly Vy he sPeëd 
ofthe .said motor and: the voltage outpUt 
said  generator/the Said contOï-mea " inCludi 
a :potentiai: soce f0r.. m0difYin:: hë: Said 
and :SecOnd ekclttioh means: nd d  :olae: 
ving. ircuit- connected between the  Said:pte 
tiats0cé .and--he: si. fls nd eco eXcR: 
tion means,-.-the:::Said voldge:::didig: 
havingfirst and second output-voltgemeans,-:e: 
said:: flrst :0utput voltage mëansmodifing ' thë 
said  excïtátionmea; 
output Voltage means- modifying th sid 
excitation . :means:-the said flrst outpt:wOltag 
meáns -varying "the :voltage 0ugpu::of:ïtë Sai 
generator:betoev U:prëdegermifiëd'voltdge:-0fi 
of-the :Said generator,:nd-the sid second5tU 
v01tagemeans::varg::the speed ::of hè sï 
mot0 :ave :a predetemined sped ' 0f he 
11': :n electrical control cct for essential!y 
linearly-..predetermina-51y, variabÏe seed 
of a.a-elecric motor;:comprisin: in 
a generator having a fleld winding 
te-:a motor-having "field windf£g:'an 
mature,-flrst conection means for:ibhnetin:g {ë 
armatdre -of te-generat0r ind 
thëmotor in ciosed cirui#:relati0hiP(ahd/con:: 
trol means, for çging.-the sPeed df:%he 
said contr01 means-comristfig--flrst excitatton 
means orexciting..the'-said genqrao5 
ing;- Second..' eOitai0n--:means for xcitih 
sàid motor fleId-winding, and:a-v01tae-diidin:: 
circuit haVing-:a Vaia-ble V0itage sodrce" :mfid: 
firsç: and-a Second outpu voilage-means theaid 
vartmble voltge s0m'dë:ha/ing a"firs"£d 
ond Voltage range, meas  f.or causinghe' 
first output voltage means to vary the sPeed 
the said motor 'below a:predetermined-:Peed/ 
throughout the' t voltage £ànge  of -:he 
variable'voltage soce, and: mëanS fr cag 
the sid sec,ond'0utpUt voltage mean t0 
speed of the said motor ave a 'predeterminefl" 
sPeed throughout the second:{oltage dfië' 
said variable voltage source,the ï Vblte :of 
said variable voltage sourbe bëing 
linearly predeterminably:variable.- ...... :- 
12: Ïn a dydmb=electric ssë having a gen- 
erator anda'mo#or, sàid' geeçgtoï'ïnd mdô5 
each having-a 'fleld wmng, a' flrs[ 
means for ëXciting the i generatm; 'fleld 
ing: a second exCitatidn eans 
said motor field' Winding, trie provision 0f 
trol means for cotrollïng he Said fir 
sêcond excitation mean, sàid C0ntrol meahs 
:cluding  potential s0çce"having outP 
age means, a voltàge dividing Circuit ha#ing 
put voltage means andflrand sedond outpfit 
voltage means,first connectïon meas:f0r 
necting the aid outpu Wltge mëhns oi 
said potential source Co thè said input volaë' 
means of the said voltage ving CircUit: 'seC: 
ond c0nnection means f0coecting:thë 

tion in control from the said flrst 0utput vo]tge first"output v01tage ' means bf he said vbltae dï: 
means fo-the said. secord outpUt  voltage mean o vidirg cicfiitt5 the said first excitation 
af a  deflnite transition value: ........... and third connection means or connecfing tlïe 
lO. An electrical controlcircuit for essentially sid second Otput vòltage meais Of the sid Volt- 
linear' Voltage. and speed control of ' a dynamO- agè dividing circuit t0 the said second excitation 
electric system, comprising, in combinaiti0n,  mersl the said p0tential Source Supp!ying an 
generator having a flelffwinding nd aï  eletri- ?t esërtiàllY lir/èarly Vaïia|51e voltage throùgh 
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oitput voltage means thereof to the input volt- 
age means of the said voltage dividing circuit, 
the said voltage dividin circuit dividin this es- 
sentially linearly variable volta2e at a delïnite 
transition value into a first and a second volt- 
age at the said first and second output voltage 
means, the said first voltage of the said first 
output voltage means directly varying the first 
excitation means and varying directly with the 
voltage of the potential source until reaching 
the said definite transition value then remain- 
ing constant at this definite transition value for 
all values of the potential source voltage greater 
than this value, and the voltage of the said 
second output voltage inversely varying the sec- 
ond excitation means and remaining at zero until 
the voltage of the potential source reaches the 
said defmite transition value then varying di- 
rectly with the potential source above this defi- 
rate value, and transition means governed by the 
said control means for effecting a transition 
from the control of the said first excitation 
means fo the control of the said second excita- 
tion means to provide acceleration or decelera- 
tion of the said motor to any predetermined 
speed at an essentially constant acceleration 
rate, the said acceleration rate being predeter- 
minably variable. 
13. In an electrical circuit for essentially line- 
arly varying the speed of an electric motor, the 
said motor deriving its power from a direct cur- 
rent generator, both the direct current genera- 
tor and motor havin separately excited field 
windings, first and second excitation means hav- 
ing respectively a first and second gaseous dis- 
charge device for exciting the respective gen- 
erator and motor field windings, the said gaseous 
discharge devices having a control grid and a 
cathode, the provision of control means for vary- 
ing the speed of the said rnotor by varying the said 
first and second excitation means, the said con- 
trol means comprising first and second grid cir- 
cuit means foi" applying a potential between the 
control grids and cathodes of the respective gas- 
eous discharge devices, a potential source ïoï 
modifying the said control means, a voltage di- 
viding circuit connected between the said po- 
tential source and the said control means, the 
said voltage dividing circuit having first and 
second output voltage means, the said first out- 
put voltage means modifying the said first grid 
circuit means, the said second output means 
modifying the said second grid circuit means, 
the said potential source having output voltage 
means with a first and a second output terminal 
and comprising a bridge rectifier having a first 
and second input and a first and second output 
terminals, a unidirectional predeterminably vari- 
able substantially constant current passing de- 
vice connected between the two output termi- 
nals of the bridge rectifier, an electrical device, 
a unidirectional predeterminably variable high 
voltage source, first disengageable electrical con- 
nection means for connecting the said input ter- 
minals of the said bridge rectifier in series cir- 
cuit relatimship with the said uradirectional 
high voltage source and the said eiectrical de- 
vice, and second disengageable e!ectrical connec- 
tion means or connecting the said input termi- 
nals of the said bridge rectifier in series cir- 
cuit relationship with the said electrical device, 
the said voltage dividin circuit comprising the 
output voltage means of the said potential 
source, a biasing potential source having a lïrst 
and a second terminal, a thermionic tube hav- 
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ing a cathode and an anode, an impedance de- 
vice having a first and a second tmTninal, flrst 
connection means for connecting the first ter- 
minal of the said output voltage means of the 
5 said potential source fo the first terminal of 
the said biasing potential source, second connec- 
tion means for connecting the second terminal 
of the said biasing potential source to the anode 
of the said thermionic tube, third connection 
10 means for connecting the cathode of the said 
thermionic tube to the first terminal of the said 
impedance device, and fourth connection means 
for connecting the second terminal of the said 
impedance device to the second terminal of the 
15 said output voltage means of the said potential 
source, the potential of the said first output 
volta2e means appearing across the combina- 
tion of the biasing potential source and the ther- 
mionic tube, and the potential of the said second 
20 output voltage means appearing across the said 
impedance device, means for energizing the said 
first output voltage means from the said poten- 
tial source untfl reaching a predetermined defl- 
nite transition value then remairang constant at 
25 this deflnite transition value for all values of 
the potential source voltage greater than this 
value, and means for energizing the said second 
output voltage means from the said potential 
source at a zero value until the voltage of the 
3o potential source reaches the said definite transi- 
tion value then varying directly with the poten- 
tial source above this defmite transition value, 
the said first output voltage means directly vary- 
ing the said first excitation means, the said second 
35 output voltage means opposing the said second 
excitation means, the said control means effect- 
ing a transition from the control of the said 
first excitation means to the control of the said 
second excitation means to provide essentially 
40 linear acceleration or deceleration of the said 
motor to any predeterminable speed at an es- 
sentially constant acceleration rate, the said 
celeration rate bein predeterminably variable. 
14. In a system including a dynamoelectric 
machine having a field winding and excitation 
means for exciting said field winding, the pro- 
vision of control means for varying the excita- 
tion means, a potential source having output 
voltage means, and connection means for con- 
necting said output voltage means to said con- 
50 trol means, the said potential source supplying 
an essentially linearly variable voltage through 
the output voltage means thereof to said control 
means, the voltage of said potential source es- 
55 sentially linearly varying the said excitation 
means to thus control said dynamoelectric ma- 
chine in an essentially linear manner, the said 
output voltage means of said potential source 
being first and second output terminals, said 
60 potential source il]cluding a rectifier having lïrst 
and second input and first and second output 
terminals, a substantially constant current pass- 
ing device connected between the two output 
terminals of the rectifier, an electrical device, 
65 a unidirectional voltage source, first electrical 
connection means for connecting the said input 
terminals of the said rectifier in series circuit 
relationship with the said unidirectional voltage 
source and the said electrical device, and second 
70 electrical connection means for connecting the 
said input terminals of the said rectifier in 
teries circuit relationship with the said electrical 
device, the said first and second output termi- 
nals of said potential source being connected 
75 across said electrical device. 
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15. In a system including a dynamoelectric 
machine having a field winding and excitation 
means for exciting said field winding, the pro- 
vision of control  means for varying the excita- 
tion means, a potential source having output 
voltage means, and connection means for con- 
necting said output .voltage means fo said con- 
trol means, the potentia] source supplying an 
essentially linearly variable voltage through the 
output voltage means thereof-fo said control 
means, the voltage of said potential source es- 
sentia]ly linearlF varying the said excitation 
means fo thus control said dynamoelectric ma- 
chine in an essentially linear manner, the sai.d 
output voltage means of said potential source 15 
being first and second output terminals, said po- 
tential source including a bridge rectifier hav- 
ing first and second input and first and second 
output terminals, a unidirectional predetermina- 
bly variable substantially constant current pass- 20 
ing device connected between the two output 
terminals of the bridge rectifier, an electrical 
energy storage device, a unidirectional predeter- 
minably variable voltage source, first disengage- 
able e]ectrical connection means for connecting 2;3 
the said input terminals of the said bridge recti- 
fier in series circuit relationship with the said 
unidirectional voltage source and the said elec- 
trical energy storage device, and second disen- 
gageable electrical connection means for con- 0 
necting the said input terminals of the said 
bridge rectifier in series circuit relationship with 
the said electrical device, the said first and 
second output terminals of said potential source 
being connected across said electrica] enery 5 
storage device. 
16. In a motor control system having a motor 
with a field winding and excitation means for 
exciting said field winding, the provision of 
control means for varying the excitation means, 40 
a potential source having output voltage means, 
and connection means for connecting said out- 
put voltage means fo said control means, the 
said potential source supplying an essentially 
linearly variable voltage variable af a predeter- 
minably variable rate through the output volt- 
age means thereof fo said control means, the 
voltage of said potenti,al source varying the 
said excitation means fo thus control the speed 
of said motor af predeterminably variable rates, 
the said output voltage means of said potential 
source being first and second output terminale, 
said potential source including a rectifier hav- 
ing first and second input and first and second 
output terminals, a substantially constant cur- 
rent passing device connected between the two 
output terminals of the rectifier, an electrical 
device, a unidirectional voltage source, first elec- 
trical connection means for connecting the said 
input terminals of the said rectifier in serie 
circuit relationship with the said unidirectional 
voltage source and the said electrical device, and 
second electrical connection means for connect- 
ing the said input terminals of the said rectifier 
in series circuit relationship with the said elec. 
trical device, the said first and second output 
terminals of said potential source being connect- 
ed across said electrical device. 
17. In a generator control system having a 
generator with a field winding and excitation 
means for exciting said field winding, the provi- 
sion of control means fo]" varying the excitation 
means, a potential source having output voltage 
means, and connection means for connecting 
said output voltage means fo said control means, 

the-said'potential source supplying an essen- 
tially linearly vriable voltage through the out- 
put voltage means thereof fo said control means, 
the voltage Of said potential source essentially 
5 linearly varying the said excitation means fo 
thus control-the voltage of said generator in 
an essentially linear manner, the said output 
voltage means of said potential source being 
first and second output terminals, said poten- 
l O tial source including a rectifier having first and 
second input and first and second output ter- 
mina!s, a substantially constant current passing 
device connected between thetwo output ter- 
minals ofthe rectifier, an electrical device, a 
unidirectional voltage source, first electrical 
connection means for connecting the said input 
erminals of the said rectifier in series circuit 
relationship with the said unidirectional volt- 
age source and the said electrical device, and 
second electrical connection means for connect- 
ing the said input terminals of the said recti- 
fier in series circuit relationship with the said 
electrical device, the said first and second out- 
put terminals of said potential source being con- 
nected across said electrical device. 
18. In a dynamoelectric system having a gen- 
erator and a motor, said generator and motor 
each having a field winding, first excitation 
means for exciting the said generator field wind- 
ing, and second excitation means for exciting 
the said motor field winding, the provision of 
control means comprising, an automatically var- 
iable voltage for controlling said excitation 
means, said voltage adapted fo exceed a deflnite 
voltage value, and transition means for effect- 
ing a transition in control from the first fo the 
second excitation means as said variable volt- 
age exceeds said definite voltage value. 
19. In a system including a dynamoelectric 
nachine having a field winding and excitation 
means for exciting said field winding, the pro- 
vision of control means for varying the excita- 
tion means, a potential source having output 
voltage means, and connection means for con- 
45 necting said output voltage means fo said con- 
trol means, the said potential source supplying 
a voltage variable af a predeterminably variable 
rate through the output voltage means fo said 
control means, the voltage of said potential 
50 source varying the said excitation means fo thus 
control a characteristic of said dynamoelectric 
machine ai predeterminably variable rates of 
change of said characteristic, said potential 
source including an electrical energy storage de- 
S5 vice with the output voltage means connected 
thereacross, a unidirectional voltage source, and 
connection means for connecting said unidirec- 
tional voltage source to said electrical device fo 
store electrical energy therewithin. 
çO 20. In a system including a dynamoelectric 
machine having a field winding and excitation 
means for exciting said field winding, the pro- 
vision of control means for varying the excita- 
tion means, a potential source having output 
65 voltage means, and connection means for con- 
necting said output voltage means fo said con- 
trol means, the said potential source supplying 
a voltage variable ai a predeterminably variable 
rate through the output voltage means fo said 
70 control means, the voltage of said potential 
source varying the said excitation means fo thus 
control a characteristic of said dynamoelectric 
machine at predeterminably variable rates of 
change of said characteristic, the said output 
. voltage means of said potential source being 
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first and second output terminals, said poten- 
tial source including a rectifier having first and 
second input and lïrst and second output ter- 
minals, a substantia!!yl constant current pass- 
ing device connected between the two output 
terminals of the rectifier, an electrical deviee, 
a unidirectional voltage source, first electrical 
connection means for connecting the said input 
terminals eî the said rectifier in series circuit 
relationship with the said unidirectional volt- 
age source and the said electrical device, and 
second electrical connection means for connect- 
ing the said input terminàls of the said recti- 
fier in series circuit relationship with the said 
electrical device, the said first and second out- 

10 Nth'nber 
773,836 
865,822 
2,229,968 
2,255,488 
15 2,301,689 
2,393,618 
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put terminals of said potential source being con- 
nected across said electrical device. 
JAY W. PICKING. 
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